T he clinical association of sexual or physical abuse with the severity of irritable bowel syndrome (IBS) symptoms and the clinical outcome is well recognized. [1] [2] [3] However, to date there is no evidence as to how these associations are mediated. Recent imaging methods for evaluating the brain's response to visceral distention offer a physiological window to understand how the central nervous system (CNS) responds to and modulates the clinical experience of pain. 4 Also, there is new evidence that the brain's response to visceral signals in patients with IBS differs from that in controls. For example, using positron emission tomography (PET) 5 and functional MRI (fMRI) 6 to assess CNS responses to rectal distention, activation of the MCC differs between patients with IBS and normal subjects. The MCC regulates skeletomotor activity and codes for the intensity of noxious stimulation. [7] [8] [9] We have recently shown that persons with a history of severe sexual and physical abuse with rectal distention activate the perigenual anterior cingulate cortex (pACC), which is involved in regulating autonomic activity and emotion, 10 and this may amplify the enhanced cingulate response to visceral pain noted in patients with IBS. 5, 6 Psychosocial factors may alter the experience of visceral pain by activating these specific areas of the brain. This case history reports associations between CNS cingulate activation from visceral distention, pain related to IBS, and psychometric evidence for severe psychosocial distress in a young woman suffering from IBS and sexual and emotional abuse. From our previous work, 10 we hypothesized that this patient would show cingulate activation associated with high pain scores to rectal distention and abnormal psychosocial scores. Furthermore, when undertaking a second brain imaging study when her clinical and psychosocial status improved, we hypothesized that we would find an associated reduction in the degree of cingulate activation.
Case Report

Childhood History
The patient (A.L.) initially presented to the first author (D.A.D.) in May 1986, when at age 12 she was hospitalized on the pediatric unit of the University of North Carolina Hospital for severe constipation. She first developed symptoms at age 7. They were characterized by lower abdominal pain and infrequent, painful passage of hard stools every 10 -12 days, and occasionally, when symptoms were severe, episodes of nausea and vomiting. She also had asthma that was intermittently treated with bronchodilators. The medical evaluation was normal except for a large rectum and sigmoid colon noted on colonoscopy, and Hirschsprung's disease was ruled out by a normal anorectal manometry and giant forceps biopsy of the rectum that showed ganglion cells. She was discharged with a diagnosis of colonic inertia, and mineral oil was prescribed. Over the next several years, the first author saw her in clinic every 3-4 months. Her abdominal pain ameliorated, and she reported 2-3 nonpainful bowel movements every week. She did well in school, was socially active, and became a junior high school cheerleader.
On a visit in mid-1989, at age 16, A.L. acknowledged being sexually active with a 19-year-old male without using contraception. The first author suggested that she come back in a month to undergo a pelvic examination and to discuss birth control options. On the return visit, her condition had deteriorated. She was not eating well because of postprandial pain and nausea, and she had lost 4 pounds. She was feeling so poorly that she gave up cheerleading, and her grades were falling. She disclosed that after the previous clinic visit, she started having nightmares that gradually led to the recollection that from age 3-7, she had been sexually abused by a family friend. Efforts to prosecute the perpetrator were unsuccessful. At the time, A.L.'s mother advised A.L. to "forget about" these traumatic events. Of note, it was at this time that A.L.'s symptoms of abdominal pain and constipation began. Over the next several years, A.L. was preoccupied with the bowel symptoms, and she had no recollection of the earlier traumatic events. Only many years later, when the first author suggested that she return to the clinic for a pelvic examination, was her recall of the prior traumatic memories triggered. Over the next several visits, the patient discussed these traumatic experiences, which seemed to help reduce her feelings of shame, vulnerability, and responsibility. Concurrently, a gradual improvement in her GI symptoms occurred, and she declined additional mental health counseling. By the winter of 1991, her symptoms were much improved, and the visits were discontinued.
Adult History
A.L. returned 9 years later at age 27. Her medical health had been good except for occasional hospitalizations for asthma, and 1 episode in 1994 of possible autoimmune hepatitis with hepatomegaly. The abnormal liver chemistry studies cleared after a brief course of prednisone. The reason for the current visit related to a 6-month history of diarrhea-predominant IBS. Symptoms began promptly after the patient developed a Clostridium difficile colitis from amoxicillin/clavulanate therapy prescribed for a severe asthma attack. Metronidazole and vancomycin eradicated the bowel infection, but the postprandial lower abdominal pain with diarrhea continued.
The patient's psychosocial history included the posttraumatic stress disorder resulting from her childhood abuse, and the development in late adolescence of obsessive-compulsive disorder, treated briefly with paroxetine. In addition, there was a more recent history of emotional and sexual abuse developing during her 3-year-long marriage. A.L. believed that her history of abuse interfered with her current interactions with her husband. She felt less able to assert her views or defend herself from his advances. Over the last several months, this situation had worsened, exacerbating her bowel symptoms. Fluoxetine, 20 mg, and alosetron, 1 mg, were prescribed, and the patient was referred to a psychologist for cognitivebehavioral treatment in addition to ongoing care from the first author.
Over the next year, little improvement occurred. A.L. surreptitiously obtained narcotics for pain control from other physicians, and the pain, nausea, and occasional vomiting and diarrhea continued to be of moderate severity. Her home situation remained difficult, and although she talked about leaving her husband, she was unable to do so. She reported feelings of depression, helplessness, vulnerability, poor self-esteem, and catastrophic thoughts, stating that she could not continue to endure the symptoms and emotional distress. In addition, she stopped seeing her therapist.
First Brain Imaging Study
In August 2001, A.L. volunteered to participate in a research protocol that involved psychosocial assessment and fMRI brain imaging. All images were acquired on a Siemens 1.5 Tesla MR scanner (Siemens Medical Systems, Munich, Germany) with a gradient strength of 25 mini Tesla per meter (mT/m). A T2*-weighted echo planar imaging sequence was used to acquire images. The imaging parameters were as follows: repetition time, 3 seconds; echo time, 54 msec; slice thickness, 5 mm; field of view, 192ϫ192 mm 2 , with a matrix size of 64ϫ64; and 16 slices. Images were obtained after 4 sequences (ON/OFF) of 15 mm Hg and then 50 mm Hg rectal distentions. A block design was used with 39 seconds for the resting (OFF) and rectal balloon distention (ON) states. Statistical parametric mapping (SPM) 99 software 11 (Wellcome Department of Imaging Neuroscience, University College, London, England) was used for motion correction, spatial filtering (full width at half-maximum, 10 mm), alignment with the Talairach space, and statistical analysis.
A.L. first reported the 15-mm distentions as moderately severe (3 on a scale of [1] [2] [3] [4] [5] , and with the first 50 mm Hg distention, she stopped the study, reporting unbearably severe pain (intensity score of 5). However, she then agreed to continue the study; the fMRI images at 50-mm Hg distention are shown in the top row in Figure 1 . The most prominent activity was in the MCC, prefrontal area 6/44, and the somatosensory cortex. The Talairach and Tournoux 12 coordinates and Z scores of these 3 areas of activation are given in Table 1 (visit 1) .
Clinical Recovery
Several weeks after the brain imaging study, the family held a confrontation session to address A.L.'s narcotic use. She entered, and successfully recovered from, an inpatient detoxification program and returned to weekly counseling. Several weeks later, she separated from her husband and began divorce proceedings. Over the next several months, she reported increased selfconfidence and self-esteem, and less depression. Her daily function and quality of life improved, and she discontin- Figure 1 . Pairs of horizontal sections from the severe IBS/psychological distress (top) and clinical recovery (8 months later) (bottom) follow-up fMRI studies. Images are a subtraction of a BOLD signal generated during baseline rectal distention (15 mm Hg) from that at 50 mm Hg distention. Each presymptomatic and postsymptomatic pair of sections was selected to show a single cortical area difference; that is, there were other significant 33 changes in the same and other sections. The Z scores were matched to the standardized atlas, 12 and the significance of Z scores is shown with standard color coding (red for highest to blue for lowest). Cortical areas with high initial activation during the "severe IBS" state on top are circled in white and include the MCC, primary somatosensory cortex, and prefrontal area 6/44. Areas with initially low levels of activation that were significantly elevated at clinical recovery (8 months later) are highlighted with black-stroked circles and included areas 40 and 22 and the anterior insula. Reductions in cortical activity that may account for resolution of stimulus-evoked pain and psychosocial symptoms are the MCC, primary somatosensory cortex, and prefrontal area 6/44. ued narcotics. Concurrently, her pain and diarrhea resolved almost completely.
Second Brain Imaging Study
In April 2002, 8 months after the first study and during a period of clinical improvement, A.L. underwent a second brain imaging study using the same distention protocol. She now reported the 15-mm distentions as mild (intensity score of 1) and the 50-mm distentions as moderate (intensity score of 3). The fMRI images at the 50 mm Hg rectal distention are shown in Figure 1 (bottom). At this time, there was minimal activation of the MCC and smaller reductions in activity in the primary somatosensory cortex and frontal area 6/44. In addition, there was marked increased activation of the right posterior parietal area 40, not detected on the first scan, and increases in the superior temporal area 22 and right anterior insula. The Talairach coordinates and Z scores for these areas of activation are given in Table 1 (visit 2).
Psychosocial and Behavioral Assessment
Within a few days of each brain imaging session, A.L. underwent a psychological interview and filled out psychosocial questionnaires. The results, shown in Table  2 , compare A.L.'s scores at study 1 (severe IBS symptoms) and study 2 (mild IBS symptoms) with the mean scores of 431 patients with moderate to severe IBS seen at the University of North Carolina and University of Toronto. At study 1, A.L.'s scores on the SCL-90 (a tool for assessing psychological distress 13 ) were markedly elevated, at the 70th percentile for female psychiatric outpatients. Similarly, her depression score using the Beck II depression scale 14 was at the most severe range. The severity of stressful life events assessed by the Stressful Life Events and Difficulties Interview 15 was very high (13) . With regard to coping style, her catastrophizing score was higher and the perceived ability to control and decrease symptoms lower (i.e., poorer) than the scores of the comparison group. 16 Health care utilization measures were also considerably worse than those of the comparison group. At the second study, at the time of clinical recovery, A.L. demonstrated marked improvement in all psychological scores, with values close to or within normal ranges. Notably, health care utilization dropped from 3 to 0 hospitalizations in the previous 3 months, and the number of days in bed was reduced by 33%. The number of physician visits remained the same, but these visits were scheduled as part of the treatment program and were initiated by A.L. and the physician.
Discussion
This case report of a young woman with functional GI symptoms and abuse history uniquely demonstrates an association between psychosocial distress, GI symptoms, tolerance to rectal distention, and changes in brain activation as demonstrated by fMRI. There are 2 levels of association to consider: (1) clinical association between historical events and GI symptoms and (2) physiological associations between brain activation, rectal distention pain, and psychosocial scores.
Clinical Association Between Historical Events and GI Symptoms
The nature and severity of A.L.'s chronic symptoms were temporally related to environmental and psy- Sx, symptoms.
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chosocial events. A.L. had a psychological history most consistent with posttraumatic stress disorder, in which childhood abuse is experienced as a threat to one's integrity and is associated with feelings of fear, vulnerability, and helplessness. This can lead to repression of memories for many years, with later emergence often after a triggering event (in this case, the anticipation of a pelvic examination) taking the form of nightmares, flashbacks, autonomic arousal, and physical and psychological symptoms. 17 Notably, A.L. developed abdominal pain and colonic inertia after the 4-year history of sexual abuse, precisely at the time she began to repress the traumatic memories. This is consistent with a study by Felice et al. 18 that prospectively followed 25 preadolescent and adolescent rape victims over several years and reported "an initial development of fears and phobias, followed later by the denial of problems, and still later by the emergence of psychosomatic problems." Other studies indicate that GI symptoms are the most commonly reported complaints among female abuse victims, 19 and among victims of severe abuse, IBS and other functional GI disorders are the GI diagnoses most frequently identified. 3, 19 After A.L.'s memories of the abuse returned, addressing her thoughts and feelings during the therapeutic interaction led to improvement in her emotional distress, and the symptoms ameliorated for almost 10 years. Notably, A.L.'s GI symptoms recurred as IBS in adulthood after C. difficile infection from antibiotics administered to treat her asthma. This was at a time when she reexperienced sexual and emotional abuse from her marriage. Gwee et al. 20 have reported that psychological distress at the time of an acute enteric infection predicts the later development of postinfectious IBS. It is hypothesized that psychological distress leads to the perpetuation of these symptoms, either through stress-mediated activation of peripheral neuroimmune-inflammatory pathways or through stress-mediated failure of the CNS to down-regulate incoming visceral afferent signals, thereby amplifying GI symptoms. 21 In this regard, it is notable that A.L.'s symptoms again improved after she divorced and removed herself from the abusive situation, and started psychotherapy.
Finally, A.L.'s nausea, vomiting, and abdominal pain may have been more severe and more difficult to manage because of her concurrent and surreptitious use of narcotics. The narcotic bowel syndrome, in which frequent and prolonged use of narcotics leads to worsening abdominal pain, nausea, and vomiting, is an often overlooked condition. 22 It is very possible that A.L.'s withdrawal from narcotics also contributed to the dramatic improvement in her symptoms. 23 Physiological Associations Between Brain Activation, Rectal Distention Pain, and Psychosocial Scores Despite common acceptance of the fact that psychosocial trauma and psychological distress can adversely affect clinical outcomes in IBS and other functional GI disorders, 2,3,24 the physiological mechanisms behind this observation have not been established. Stress may amplify GI symptoms through various mechanisms, including increased autonomic reactivity, CNS-related (e.g., via CRF enhancement of motility or mucosal sensitivity via inflammatory/immune mechanisms), or amplification of central responses to afferent visceral signals via alterations in CNS pain regulatory pathways. 25 This case report also demonstrates a possible link between the patient's changing psychosocial and emotional state, her level of pain sensitivity, and the nature and degree of physiological activation of her brain to visceral distention. Recent studies using PET 5 and fMRI 6 have shown that patients with IBS have greater activation of the MCC relative to controls in response to rectal distention, although there has been a report of reduced activity in the ACC. 26 The MCC has a well-documented role in skeletomotor regulation and intensity coding of noxious stimuli. [7] [8] [9] Furthermore, the findings from our research group also suggest that in response to rectal distention, persons with histories of severe sexual and physical abuse preferentially activate the perigenual part of the ACC 10,27 (a limbic structure that has a well-documented role in autonomic regulation and emotion), and activity in this region is enhanced during acute noxious cutaneous stimulation 28 and in chronic pain states. 29, 30 Thus it is possible that the enhanced MCC and pACC response to visceral pain noted in patients with IBS and abuse may be amplified by the effects of psychosocial trauma in at least a subgroup of patients with IBS. Further studies are needed with a larger sample of patients to sort out the specific roles of these 2 subregions of the cingulate cortex in IBS and abuse. Unfortunately, previous brain imaging studies of patients with IBS have not been evaluated for a history of sexual or physical abuse. However, this region is similar to a region that has reduced blood flow during symptom provocation in patients with posttraumatic stress disorder. 31 Given this existing knowledge, we assumed that in this patient with a history of abuse, high emotional distress would be associated with greater symptom severity. Furthermore, we hypothesized that these clinical features would correlate during rectal distention with changes in brain activity in those regions related to visceral pain. We also hypothesized that with a reduction in emotional distress, these findings would be reversed. During A.L.'s first fMRI session, when her physical and psychological symptoms were severe and associated with maladaptive coping and marked illness-related behaviors, the most prominent activity (Figure 1, top) was noted in the MCC, and prefrontal area 6/44 and the primary somatosensory cortex.
The second imaging session occurred after the abusive relationship had been terminated and the IBS symptoms had resolved concurrent with near normalization of her psychological scores. At this time, there was a marked reduction in activation of the MCC concurrent with reduced activity in area 6/44 and the primary somatosensory cortex. Because the same level of bowel distention (50 mm Hg) was associated with at first severe, then milder levels of pain during this scanning, it is likely that this reduction, particularly in MCC activity, contributes significantly to the altered perception of pain. The reduced activation of area 6/44 in the second session was not surprising, because this area has the highest correlation with pain intensity ratings of all cortical areas studied. 9 The increases in cortical activity in other areas of the brain during the second session are also associated with A.L.'s improvement (Figure 1, bottom) , although the significance of these effects is uncertain and requires further confirmation. The marked activation of the right posterior parietal area 40 present in the second session was not detected during the first session. There was also a major increase in superior temporal area 22 and in the anterior insula. Activity in posterior parietal cortex has been associated with the perception of self 32 and that the anterior insula is involved in an overall sense of the body. 33 To the extent that MCC activation mediates enhanced or abnormal sensory and motivational perceptions in the anticipation of noxious/uncomfortable bowel activity, 5 it is also likely that during the period of clinical recovery, the enhancement of areas 40 and 22 and the anterior insula activity may be involved in selforientation to somatic and autonomic functions, and also to the interpretation of such signals as not threatening. Thus these latter physiological responses could be an adaptive means of reorienting cortical function away from misinterpreting internal states, including bowel events, from the cingulate cortex, and this reorientation could be part of the therapeutic response. Because this is the first report of elevated cortical responses as part of a therapeutic response, these concepts are hypothetical and require confirmation with future studies.
Certain qualifications with regard to our interpretation of the data need to be considered. First, these physiological observations possibly may be influenced by the patient's use of narcotics during the first brain imaging session, taken without our knowledge. However, binding of opiates such as diprenorphine is highest in pACC, 34 and the major area of activation in our case was in the MCC. In addition, the primary somatosensory cortex and area 6/44 have low opiate binding, thus making it less likely that A.L.'s narcotic use explained the areas of activation noted in this case report. Second, these findings possibly may relate to a change in nociception in the viscera independent of, or in addition to, central influences. Although there can be a waxing and waning of symptoms in IBS, there is little evidence to suggest that this occurs by peripheral rather than central mechanisms. With regard to peripheral effects in this patient, if they were related to narcotic use, then there would likely have been a reduction in peripheral pain signals (in addition to central processing); however, the patient took narcotics during the first study, when the pain was far greater. Furthermore, sensitization from postinfectious IBS from C. difficile could resolve over time, yet this patient's infection and subsequent IBS occurred 2 years before the first brain imaging study, when the clinical findings and high pain reports were still present, thus making it unlikely that the sensitization would have resolved spontaneously between 2 years and 2 years and 8 months later. In comparison, by the second brain imaging study, the patient had experienced major changes in emotional and cognitive status that have been found to affect clinical pain reports, including reduced psychological distress (e.g., anxiety and depression), life stress, catastrophizing scores, and improved cognitions relating to the ability to control and decrease symptoms. 2 These findings, coupled with the fact that anxiety and cognitive factors (e.g., hypnosis and distraction) can reduce pain reports and affect brain activation, compel us to exclude the possibility of a peripheral mechanism to explain her improvement, or at least to not accept that peripheral responsiveness plays a major role in our findings. Finally, it is possible that the repeated rectal distention protocol during the second session confounded the findings due to patient anticipation. However, it has been shown that anticipation of visceral stimulation in IBS enhances MCC activity; 5 thus, antic-ipatory effects are unlikely to account for observations in this case.
In conclusion, we have documented in a woman with a history of sexual abuse and fluctuating severe functional bowel symptoms, an association between psychosocial distress, increased bowel symptoms, lower sensation threshold to rectal distention, and increased activation of the MCC, an area associated with intensity coding of noxious stimulation. Furthermore, we have found resolution of these brain activation patterns associated with improvement in psychological state and physical symptoms. This finding suggests that brain activation to rectal distention may vary with emotional status, rather than being a feature of the individual or disease (e.g., IBS). Because this is the first clinical report involving only 1 patient to examine the responsiveness of CNS activation to changes in severity of the patient's emotional and physical state, the findings are only preliminary. Furthermore, as a case report, the findings do not exclude other explanations in addition to, or at the exclusion of, changes in psychosocial state, such as adaptation or habituation to the fMRI environment, peripheral changes in the gut affecting sensitivity, or other undetermined changes over time. Therefore, future controlled studies involving a large number of patients are needed to sort out the validity, specificity, and generality of these findings. Such studies may help determine whether CNS activation could be used as a marker for clinical response to therapeutic interventions, including antidepressants and cognitive behavioral treatments in the care of patients with severe functional GI disorders.
